• The use of the isolated perfused guinea pig heart as a method of assaying catecholaraines in aluminum oxide extracts of urine, tissues, and plasma has been reported previously. 1 " 4 The isolated guinea pig heart preparation proved to be the most sensitive of the various biological assay methods available for this purpose.
It is a well-known fact that physicochemical methods are extremely limited in their reliability with regard to the estimation of the very low concentrations of catecholaraines in plasma, except when labeled compounds are employed.
We have extended some of our earlier observations regarding the use of the isolated perfused guinea pig heart as an assay method for the estimation of plasma levels of catecholaniines after intravenous infusion in dogs.
In the first series of experiments, the method was re-evaluated with regard to sensitivity and specificity and adapted to a procedure of differential estimation of epinephrine and norepinephrine, by using dichloroisoproterenol (DCI) as a blockiug agent. We have already reported in preliminary experiments that DCI blocks the epinephrine effect on the heart ahead of the norepiuephrine effect 4 where repeated or successive testing of the two sub-820 stances is undertaken in the same experiment.
In the second series of experiments, dogs were infused with epinephrine and norepinephriue in separate experiments and blood samples were collected at various intervals before, during, and after the infusion. These samples were assayed for their catecholamine content on the isolated guinea pig heart, using plasma extracts as well as crude plasma.
Methods
The isolated perfused guinea pip heart technique has been described previously. 3 While the method of testing aliuninnm oxide extracts of plasniu, tissues, and urine lias been described in detail in the reference cited, it may be of value to indicate here that in the first experiments, involving the application of this method of assay to experimental and clinical testing during the period of work in the laboratory of Professor C. Heymans, Ghent, Belgium, "blind" aluminum oxide samples from plasma, tissues, and urine were sent to the senior author of this paper by Dr. A. De Schaepdryver. who performed the extractions and ran spectrofluorometric analyses on aliquots of the same samples. The speetrofluorometric concentrations of the catecholamines of the samples were revealed only after the biological assay reports had been •riven. There was greater than 95 per cent agreement. In the procedures described here, catecholamines were added to heated plasma, to distilled water, and to heated urine, and extracts were made as described below. Our recoveries have averaged 70 per cent, which is the figure most widely experienced by workers in this field. In this laboratory, we have also compared the spectrofluorometric analysis of low concentrations of catecholamines with the biological assay method. Wo have found that, while we get definitive positive inotropic responses at concentrations as low as 0.0004 fig. per cc, this concentration is not distinctly and dependably measurable on the spectrofluorometer. In higher concentrations of the plasma analyzed, however, good agreement has been found between the speetrofluorometric and the biological assay findings.
The infusion experiments were performed on iidult mongrel dogs weighing between 10 find 20 Kg. and anesthetized with morphine (1 mg./Kg., subcutancou s ly) nnd chlornlosun (100 mg./Kg.. intrnvenously). Arterial blood pressure was recorded from the right common carotid artery, nsing a Sanborn eleetroinanoineter.
Freshly prepared solutions of epinephrine and norepinephrine* were infused for 30 minutes in ii dose of 1.5 yug./Kg./min. into the left femoral vein by means of a constant-infusion apparatus at a rate of 1 nil./miu. Twenty-nil, blood samples were collected in cooled centrifuge tubes from the right femoral artery before, during, and after the infusion. The samples were immediately centifuged at low temperature, and the plnsma removed for testing directly on the isolated guinea pig heart, and for extracting by means of adsorption on aluminum oxide, according to the method of von Euler and Flofling, 5 modified by Dc Schuepdryver. 8 AIRO, aluminum oxide extracts were tested on tho isolated heart. Plasma extracts were adjusted to pH 6.8 prior to assay. Volumes not larger than 0.4 ml. were used for assay.
The number of experiments involved in each category may be seen in the legend of each figure *Epinephrine and norepinephrine were kindly Bupplied by Winthrop Laboratories, New York, New York. for that category. Usually, a single isolated heart was used to test no more than twelve samples of extracts or of crude plasma. This varied, however, depending on how well the heart was responding and performing.
Results
The positive inotropic responses of the isolated perfused gnmea pig heart to standard solutions of epinephrine, norepineplirine, metanephrine, normetanephrine, and 3-ruethoxy-•4-hydroxymandelic acid are shown in figures 1 and 2. These figures illustrate the very high sensitivity of this preparation toward cateeholamines as compared with the responses to the main catecholamine metabolites. Table 1 shows the calculated plasma levels which result following epinephriue or norepinephrine infusion. Sample calculations for both crude plasma and plasma aluminum oxide responses are presented.
The effect of pretreatment with DCI on the responses of the isolated heart to epinephrine and norepinephrine, and to mixtures of both eatecholamines is shown in figures 3 and 4. It may be noted that when the isolated heart is under influence of a 50-,og. dose of DCI, the response to epinephrine is completely blocked, while the heart continues to respond to norepinephrine ( fig. 3 ), thus permitting a differentiation of these eatecholamines when administered in a mixture ( fig. -4) .
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Comparison of
The responses of the isolated heart to crude plasma samples before, at various intervals during, and 30 minutes after the infusion of epinephrine are given in figure 5 . It is of interest that samples taken 30 minutes after infusion had been stopped showed some positive inotropic effect. Figure 5 also shows that the responses to crude plasma samples are essentially the same as those to the extracts of the same samples. On the other hand, it may be seen that when the heart is treated with DCI, aliquots of the same samples which gave positive inotropic effects before DCI treatment gave either no positive inotropic effects or they gave negative inotropic effects. Figure 6 shows the responses of the isolated perfused guinea pig heart to crude plasma samples and to plasma extracts following the infusion of norepinephrine.
Discussion
Our experimental results confirm and extend earlier observations showing the very high sensitivity and specificity of the isolated perfused guinea pig heart preparation as an assay procedure for epinephrine and norepinephrine. Also, it may be seen that the metabolites of epinephrine and norepinephrine are several hundred times less effective on the heart than the original substances. The argument is, therefore, not tenable that responses which we see in the infusion experiments are due to metabolites of epinephrine and norepinephrine.
Of special interest is the observation that 30 to 50 M g. of DCI completely block the re-spouse of the isolated heart to 0.002-/xg. doses of epinephrine, while the response to norepinephrine persists. The differential blocking action of DCI may be used for the assay of epinephrine-norepinephrine mixtures. It should be pointed out, however, that after 15 to 30 minutes following epinephrine blocking, norepinephrine responses may also become blocked by DCI.
The experimental results further show that there is no essential difference in the pattern of response of the isolated guinea pig heart to crude plasma samples as compared with extracts of the same samples. The fact that llesjionses of isolated perfused guinea pig heart to 0.4-ml. samples of crude plasma (I) and plasma extracts (II) before, during, and after intravenous infusion of 1.5 /j.g./Kg./min. of norepinephrine, for 30 minutes, in dogs:
11 : before infusion f 2 : after 10-minute infusian t 3'( : after 30-minute infusion f 56 : after 20-minute infusion.
the crude plasma samples provoke a slightly more pronounced positive inotropic effect than the extracts may be attributed to the incomplete recovery of the cateeholamines during the adsorption and edition procedures. Thus, the use of crude plasma samples in the estimation of catecholainine changes, following infusion or following drug administration that might result in increased plasma levels of cateeholamines, may be considered a rapid and reasonably safe procedure. It should he emphasized, however, that for reliability of results, the control samples should show very little inotropic effect on the heart. Pekkarinen" and Lund, 8 using physicochemical methods of estimation, reported that after intravenous injection of epinephrine the amine was completely eliminated from the blood within 10 minutes. In contrast to these findings, De Kchaepdryver 0 and Axelrod et al. 10 were able to show that after intravenous infusion of C 14 -epinephrine and the injection of H 3 -epinephrine, respectively, significant amounts of epinephrine were present in the plasma for more than two hours. Our experimental results are in agreement with the observations of these authors.
Summary
Experiments have been described which show the very high sensitivity of the isolated perfused guinea pig heart preparation in the estimation of plasma levels of cateeholamines after intravenous infusion in dogs. It was observed that crude plasma samples show the same pattern of positive inotropic response as extracts of these samples. By means of the isolated guinea pig heart method, the presence of circulating cateeholamines could still be detected 30 minutes after the end of infusion.
The observation that dichloroisoproterenol may block the positive inotropic effect of epinephrine, while only slightly reducing the positive inotropic effect of norepinephrine, may be used to differentiate between these two cateeholamines.
